Background
Introduction
Antibiotics are the most commonly prescribed drugs in many developed [1] [2] [3] and developing countries [4, 5] . A systematic review showed that inappropriate use of antibiotics was common especially in the developing countries with poor health care systems [6] . Inappropriate use of antibiotics can result in bacteria resistant to antibiotics in the community [7] [8] [9] [10] . The acceleration of antibiotic resistance and the decline in the development of new antibiotics to combat the problem has created a significant public health challenges to health policy makers, health care workers, and the population around the world [1, 11] .
Studies found that inappropriate use of antibiotics was associated with different factors: culture [12, 13] , gender [14, 15] , educational status [15] [16] [17] [18] , residency [19] , marital status [15] , age [20] [21] [22] [23] [24] [25] , number of children [19] , health insurance [15] and unstatisfaction with the health care services [17, [26] [27] [28] , and storing antibiotics at home [19, 29] .
World Health Organization (WHO) estimated that 80% of antibiotics is used in the community, of which about 20-50% is used inappropriately [11] . As a result, WHO recommended involvement of the community in tackling of antibiotic resistance through improving access to medical services, reducing unnecessary use of antibiotics, taking a full course of treatment, not sharing medications with other people, and not keeping part of the course for another occasion [30] . There is variation in antibiotic use among and within counties related with several factors [6] . Thus, to draw effective intervention requires exploration of factor associated with inappropriate antibiotic use in the community.
In Ethiopia, accessibility of health care services has been improved in the past two decades. According to Drug Administration and Control Authority, there are indications on inappropriate use of antibiotics in the country [31] . However, the extent inappropriate use of antibiotics and its associated factors has not yet been explored. Therefore, the aim of this study was to determine inappropriate use of antibiotic and its associated factors among urban and rural communities in Bahir Dar city administration, Northwest Ethiopia.
Materials and Methods

Study design and period
A comparative cross sectional study design was employed from February 1 to March 28, 2014 to determine inappropriate use of antibiotic and its associated factors among urban and rural communities in Bahir Dar city administration. urban and nine rural kebeles. Based on the projection of the 2007 national census, the total population of Bahir Dar city administration in 2014 was 284020 of these 134818 were males whereas 149202 were females. Of the total population 226713 were living in urban kebeles and 57307 were living in rural kebeles [32] . Individuals living in the city administration during the study period were the study population. Households lived in the past six months were included in the study. Respondants with health care profession and those with communication defects (listening and speaking of the local language) were excuded in the study.
Study Variables
Outcome variable (inappropriate use of antibiotics) and explanatory variables (sex, place of residence, age, number of family, family monthly income, education status, occupation, marital status, level of healthcare service satisfaction, knowledge on antibiotics use).
Sample size determination and sampling technique
Two population proportion formula was used to determine the required sample size of the study using Epi Info 3.5.2 by considering the following assumptions: two comparison groups [urban (n 1 ) and rural (n 2 ) population with 1:2 urban to rural ratio], P 1 (50%) [assumed practice of inappropriate use of antibiotics among urban community since there was no previous study], Z1-α/2 (1.96), 80% power, 15% difference between urban and rural (P2 = 35%), 2 design effect and 15% non-response rate. Based on these assumptions, the total sample size was 1101 (367 urban and 734 rural households). By considering the difference between communities related to antibiotic use, multistage stratified random sampling technique was used to select households in rural and urban kebeles. To get a representative sample, three urban and three rural kebeles were selected using simple random sampling technique. In the selected kebeles, systematic random sampling technique was used to select study participants.
Data collection tool
Pre-tested and structured questionnaire was used to collect data (S1 File). The questionnaire comprises of socio-demographic variables of the study participants, and knowledge and use of antibiotics. Data collectors hold strips of the antibiotics with them to show for respondents whether they can able to differentiate and select the type of antibiotics that they had been using in the last one year.
Operational definition
Inappropriate use of antibiotics means use of antibiotics for self-medication and/or medication of family members (family medication) without prescription from health professionals, receiving antibiotics from anybody else and/or use of leftover drugs and/or use of prescribed antibiotics for any purpose other than prescribed for.
Data quality management
Pre-test of the questionnaire was done in another place in the study area to ensure whether the study participants understood what the investigators intended to know and some modification of questions were made. Data collectors were given training and supervised daily by principle investigators to collect quality data.
Data analysis procedures
Data were entered and analyzed using SPSS statistical package version 21.0 (S2 File). Descriptive statistics such as percentages, means and standard deviations were used to describe data. Chi-square was used to assess urban-rural differences in antibiotic use. Bivariate and multivariable logistic regressions were used to identify predictors of inappropriate use of antibiotics. The Hosmer-lemeshow test was checked to assess the model fitted to conduct logistic regression. Those variables with a p-value in bivariate 0.02 were retained for multivariable logistic regression. A multi-collinearity test was done and variables with variance inflation factors (VIF) of greater than 10 were excluded from the multivariable regression model. Backward stepwise logistic regression model was used during multivariable logistic regression to control confounding effect. Odds ratio with 95% confidence intervals was calculated for each of independent variables using P-value < 0.05 was considered as level of significance.
Ethical considerations
The study was conducted after obtaining ethical approval from Research Ethics Committee of College of Medicine and Health Sciences, Bahir Dar University. The committee provided ethical approval after assessing informed verbal consent submitted with all components of the research protocol. The verbal consent was included on the front page of the questionnaire below briefing statements of the study. After data collectors read the briefing statements of the study to the participants, the study participant willingness/unwillingness was confirmed by marking their yes/no response. When the participant confirmed his/her willingness, data collection was carried out. Confidentiality and privacy were insured for information collected from study participants by recording data anonymously.
Results
A total of 1082 households, 362 urban and 719 rural, participated in the study. The response rate was 98.3%. The mean family household size of the study population was 3.8 (±2.0 SD) in urban and 4.0 (±2.1 SD) in rural communities. The mean age of the study participants was 34.1 (±12.9 SD) in urban and 34.5 (±11.4 SD) in rural households. More than three-quarters of both urban (77.1%) and rural (75.0%) participants were females. The mean family income of households in urban and rural was 1280 and 249 Ethiopian Birr per month respectively. More than one quarter (25.4%) urban and 10.8% rural participants completed secondary school, whereas 20.4% urban and 52.0% rural participants were unable to read and write. Nearly 60% urban and 73.3% rural participants were engaged with a regular job. Nearly three-quarters (71.5%) and 68.8% of the participants in urban and rural communities were married respectively (Table 1) .
Of the participants, 97.4% in urban and 98.6% in rural were able to differentiate one or more of the antibiotics displayed to them. The incorrect response rate of participants on the use individual antibiotics was: tetracycline, 76.2% in urban and 78.3% in rural; amoxicillin, 68% in urban and 77.1% in rural; and ciprofloxacin, 80.4% in urban and 92.5% in rural communities. The incorrect response rate of urban and rural communities on the use of antibiotic preparations of humans to treat animals was 27.1% and 16.0%, respectively (Table 2) .
Nearly 36% of all participants, 46.4% of urban and 30.6% of rural, had taken antibiotics in the past one year prior to the study period. Amoxicillin was the most commonly used antibiotic in both urban (67.3%) and rural (62.3%) communities followed by ampicillin 10.1% in urban and 11.8% in rural. The overall proportion of inappropriate use of antibiotics in study communities was 30.9% (120/388), whereas inappropriate use in urban and rural areas were 33.1% (56/169) and 29.2%(64/219), respectively. Inappropriate use of antibiotics in urban and rural areas did not show a statistical significant difference. Among respondents who used antibiotics in the last one year, the proportion of self-medication was 18.0% (70/388) and the remaining 12.9%(50/388) was used for family medication. Self-medication in urban and rural were 16.0% (27/169) and 19.6% (43/219), respectively and did not show a statistical significant difference. Use of antibiotics to a family member in urban and rural was 17.2% (29/169) and 9.6% (21/ 219), respectively, and there was a significant difference between them (X 2 = 4.87; p-value 0.027) ( Table 3) . Overall self-medication practice in the general community was 18% (70/388). More than one-quarter (25.6%) urban and 28.6% rural participants responded that they had discontinued the administration of antibiotics once their symptoms subside. The three most commonly reported health problems to which antibiotics had been sought in both urban and rural communities were respiratory tract symptoms (30.2%), physical injury/wound (14.7%) and diarrhea (11.3%) ( Table 4) . Respiratory tract symptoms (74.6%), diarrhea (74.4%), and physical injury/wound (64.3%) were the three most common health problems to which inappropriate use of antibiotics in the communities.
Factors associated with inappropriate use of antibiotics
In bi-variate logistic regression analysis, satisfaction with health care services, and knowledge of participants on antibiotic preparations of humans to treat animals were factors associated with inappropriate use of antibiotics. In multivariable logistic regression model, age, educational status, engaged with a regular job, satisfaction with health care services and knowledge of participants on antibiotic preparations of humans to treat animals were statistically significant association with inappropriate use of antibiotics. (Table 5) .
Discussion
The inappropriate use of antibiotics has become a culture of the various communities in different countries which favored for the emergence of resistance to most antibiotics used globally [12, 13, [33] [34] [35] . In this study, the proportion of inappropriate use of antibiotics in urban (33.1%) and rural (29.2%) areas did not show significant difference. In addition, self-medication practice did not show significant difference between urban (16.0%) and rural (19.6%). The possible reason could be close proximity of rural community to urban community that may allow the exchange of information. However, family member medication practice between urban (17.2%) and rural (9.6%) areas showed significant difference. These differences may arise from better recall of antibiotics given to themselves than to family members from previous healthcare services in rural community since most are unable to read and write compared to urban communities. In support of this difference, there are studies that show high rates of family member medication in urban [29] than rural area [36, 37] . The overall inappropriate use of antibiotics in this study was 30.9% of which 18% was used for self medication and 12.9% was used for treament of family member. Self-medication finding in this study is comparable with studies done on self-medication in Portugal (19%) [25] and Euro-Mediterranean region (19.1%) [38] but it is lower than that in in northwest Ethiopia (27.5%) [39] , Egypt (23.3%) [40] , Syrian [34] , Greece [41] , and Spain [8] . However it is higher than a study done in south Ethiopia (14.5%) [42] , Jordan [43] , Kuwait [44] , and Italy [45] . Family medication study in china found that 59.4% which is higher than this finding [37] . The above difference may be due to level of awareness of the community on antibiotics, difference in education status, socio-economic status, the access to modern health facilities, and cultural preferences and beliefs of the study participants [12, 13] .
The three most commonly used antibiotics were Amoxicillin (64.4%), Ampicillin (11.1%) and Ciprofloxacin (7.2%). On top of that, Amoxicillin (34.9%), Ampicillin (17.9%), and Ciprofloxacin (26.8%) were antibiotics used inappropriately in the communities. This result is comparable to the study done in Uganda [46] , Indonesia [47] , Guatemala [48] , Greek [14, 41] , and Mongolia [29] , which reported that Amoxicillin was the most common antibiotics used by the study participants. Health facility studies in Ethiopia showed that Amoxicillin was most commonly prescribed antibiotic from which its common use in community could arise [49] [50] [51] .
The effectiveness of antibiotics is threatened by antimicrobial resistance that can arise from discontinuation of the full course of treatment [6] . Studies found that the reasons for discontinuation of antibiotics may be due to lack of knowledge and awareness regarding antibiotic use [21, 52, 53] . In this study, 27% of the respondents discontinued their antibiotics once the symptoms subside. This finding is comparable with the study done in China [54] . However, it is lower than other studies done elsewhere [14, 52, 53] and a meta analysis result of different regions [6] . These differences may be due to overall proportion of antibiotics use in the study participants, the belief of participants on discontinuation on symptoms subsiding, the nature of health problems, knowledge on antibiotics use and extent of health professional advice. The most common health problems reported in this study were respiratory tract symptoms (30.2%), injury/wound (14.7%), and diarrhea (11.3%). Parallel with this, respiratory tract symptoms (74.6%), diarrhea (74.4%), and physical injury/wound (64.3%) were the three main reasons that the communities had used antibiotics inappropriately. The above findings are similar with studies done in Ethiopia [39] , and Euro-Mediterranean region [38] .
This study identified individuals in demographic groups who practiced inappropriate use of antibiotics. These groups included individuals with lower educational status and those in younger age groups. Study participants who can unable to read and write were 4 times more likely to use antibiotics inappropriately than those who completed college and above. Other studies have also found similar results that lower educational status was associated with inappropriate use of antibiotics, which may be the result of insufficient knowledge to obtain relevant information on use of antibiotics [17, 18, 34] . Studies done elsewhere indicated that the youngest age groups were higher users of antibiotics inappropriately than the older age groups [24, 25, 34] which is similar with the result of this study. This age related difference in inappropriate use of antibiotics may be due to the extent of experience acquired in living within the community.
Engagement with regular job was one of the predictors of inappropriate use of antibiotics in this study, which is similar to other studies [17, 21, 55, 56] . The possible explanation could be due to lack of time to visit health care facilities during working hours, which may enforce to obtain antibiotics without prescription [55] . The other possible reason could be having pocket money that might encourage them to buy antibiotics when they perceive sign and symptoms of health problems.
Unsatisfaction with health care services was one of the predictors of inappropriate use of antibiotics in this study, which is similar to studies done in other countries [17, [26] [27] [28] . Unsatisfaction with health care services may discourage users to seek services from health care facilities and encourage them to look for other options elsewhere has been documented as possible reasons [57] . Poor level of knowledge on the use of the antibiotic preparations of humans to treat animals was also identified as a factor associated with inappropriate use of antibiotics. This might be due to insufficient knowledge and/or belief of participants on the discriminate use of antibiotic preparations between humans and animals. Unlike previous studies, this study explored factors associated with both self-medication and family member medication. One of the limitations of this study was the use of a cross-sectional design could not able to establish cause and effect relationship between factors and outcome variable. In addition, the study design could not examine the change of inappropriate use of antibiotics in the communities over time. Furthermore, despite the use of pre-tested and structured questionnaire, and showing strips of antibiotics to participants, use of some medical terminology was an inevitably which might be difficult to understood illnesses and names of antibiotics easily.
Conclusions
Inappropriate use of antibiotic exists in the study area with no significant difference between urban and rural communities. Low education status, younger age, unsatisfaction with health care services, engagement with job, and poor knowledge on the use of antibiotic preparations of human to treat animals were factors associated with inappropriate use of antibiotics. The study indicated an insight on what factors that intervention should be made to reduce inappropriate use of antibiotics in the community. Interventions that consider age groups, educational status, common health problems and their jobs together with improvement of health care services should be areas of focus to reduce inappropriate use of antibiotics. 
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